We studied the relationship between serum leptin concentration and lifestyle factors in female nursing students. Serum leptin was estimated by radioimmunoassay and the correlation between these concentrations with serum lipids, physical fitness and Health-promoting Lifestyle Profile score was investigated. A total of 247 students took part in the study: mean age, 19.0 ± 2.0 years; mean body mass index (BMI), 21.7 ± 2.9 kg/m 2 ; and mean serum leptin concentration, 10.8 ± 11.5 ng/ml. Serum leptin was positively correlated with BMI, systolic and diastolic blood pressure, total cholesterol and serum triglyceride.
Introduction
Leptin is a hormone that derived its name from the Greek word 'leptos', meaning 'thinness'. It was discovered in mice with genetically determined obesity. 1 Leptin is synthesized and secreted in response to eating, and acts on the central nervous system to suppress feeding in animals. The hormone is also known to have a role in regulating body fat, energy expenditure, and sugar and lipid metabolism. 2, 3 Serum leptin concentration correlates well with body weight, body mass index (BMI) and body fat, 4, 5 especially in obese persons and in women. 6 Low levels of physical activity and fitness are well known to contribute to obesity. Many young women aim to attain or maintain a slim figure and have considerable interest in lifestyle, healthy diet and exercise. Few reports have examined serum leptin concentration in female students from a lifestyle viewpoint.
In this study, we investigated the correlation of leptin levels with BMI, blood pressure, physical fitness (assessed using Cooper's method 7 ) , Health-promoting Lifestyle Profile score 8 and total cholesterol and triglyceride levels.
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Subjects and methods
SUBJECTS
Females studying at the Gumma Paz College of Nursing in Japan, who were receiving college meals that provided around 2200 kcal/day, were recruited for this study. The investigation was conducted after the beginning of the college term in April 2000. Any subjects taking any medication during the study that might affect their physical fitness or metabolism, those on a diet, and those reporting a gain or loss in weight of > 5 kg, were excluded from the study. All subjects gave their written, informed consent.
ASSESSMENTS
Body mass index was determined for all patients. A BMI ≥ 24 kg/m 2 was regarded as high; between 21 and 23 kg/m 2 was considered intermediate; and a BMI ≤ 20 kg/m 2 was taken to be low. Other assessments included: systolic blood pressure (SBP); diastolic blood pressure (DBP); mean total serum cholesterol; and serum triglyceride.
Physical fitness
The distance run in 12 min was used to determine the subjects' level of fitness, as utilized by Cooper. 7 
Health-promoting Lifestyle Profile
Lifestyle was assessed using Breslow and Enstrom's Health-promoting Lifestyle Profile, 8 which has been used in several recent investigations of health-promoting behaviour in African-American and European-American adults. 9 The scoring system involved the following seven items, each requiring a 'yes' or 'no' answer: The optimal lifestyle score was 7 points. Further, individual health profiles were obtained from personal health notebooks and co-authors carried out medical checkups to confirm that all subjects were in good health.
Serum leptin concentrations
Blood samples were collected from the subjects from the right cubital vein and the sera were separated by centrifugation. The sera were stored frozen. Serum leptin levels were measured using a commercial radioimmunoassay autoanalyser (Linco Research Inc., Mo, USA). 10
STATISTICAL ANALYSIS
Results are given as the mean ± SD and were assessed using Student's t-test. Coefficient correlations were determined between serum leptin, BMI, SBP, DBP, total cholesterol, triglycerides, lifestyle score and fitness score.
Results
SUBJECTS
A total of 247 female students were recruited in this study. Their mean age was 19.0 ± 2.0 years.
ASSESSMENTS
The subjects' mean BMI was 21.7 ± 2.9 kg/m 2 and the mean distance covered in a 12-min run was 2073.0 ± 221.0 m. The mean Healthpromoting Lifestyle Profile score was 6.0 ± 1.2. Mean SBP and DBP were 110.7 ± 13.9 and 75.7 ± 13.3 mmHg, respectively. Mean leptin was 10.8 ± 11.5 ng/ml, total serum cholesterol was 164.0 ± 22.2 mg/dl, and mean triglyceride was 109.7 ± 32.3 mg/dl.
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CORRELATION BETWEEN LEPTIN AND BODY MASS INDEX, FITNESS SCORE, BLOOD PRESSURE, TOTAL CHOLESTEROL, TRIGLYCERIDE AND LIFESTYLE SCORE
A positive correlation was found between serum leptin concentration and the following factors: BMI (r = 0.91; P < 0.001); SBP (r = 0.67; P < 0.001); DBP (r = 0.55; P < 0.01); total cholesterol (r = 0.83; P < 0.001); and triglyceride (r = 0.76; P < 0.001) ( Fig. 1) .
Serum leptin was inversely correlated with fitness score (r = -0.59; P < 0.001); and lifestyle score (r = -0.57; P < 0.001) ( Table 1 and Fig. 2 ).
CORRELATION BETWEEN BODY MASS INDEX AND LEPTIN, FITNESS SCORE, BLOOD PRESSURE, TOTAL CHOLESTEROL, TRIGLYCERIDE AND LIFESTYLE SCORE
The high BMI group (n = 40) had significantly lower fitness scores and lifestyle scores than the low BMI group (n = 70). Leptin, SBP, DBP, total cholesterol and triglyceride were all significantly higher in the high BMI group than in the low BMI group. This was particularly apparent with regard to SBP and DBP ( Table 2 ).
Discussion
Critically, we found that blood pressure was significantly lower in students with low circulating leptin levels than in those with high leptin levels. High levels of circulating leptin were also associated with low fitness scores.
Leptin concentrations have been shown to be high in obese individuals, and these concentrations decrease upon weight loss. 11 Thus, while leptin acts to regulate body fat and body weight, leptin concentrations are paradoxically high in obese subjects. This dissociation has been attributed to leptin resistance. 12 Systolic blood pressure (mmHg) Serum lipid concentrations were significantly higher in the high-leptin subjects than in the low-leptin subjects. Recent reports have suggested that high leptin may be a predictive factor for diabetes. 13 Regarding the effect of feeding on leptin, a previous study in mice indicates that fasting reduces expression of the ob gene, which encodes leptin and decreases serum leptin concentrations. 14 All data are given as mean ± SD. a P < 0.05; b P < 0.001. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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T Kondo, A Yoshida, R Okada et al. Leptin: a marker of health in female students central nervous system. 19 In mice, leptin is required for the early development of the brain. 20 In rats, growth hormone (GH) has been found to be elevated by administration of both leptin and GH-releasing hormone significantly more than by leptin alone. 21 Leptin may also be associated with fetal growth and development in humans. 22 Interestingly, some young women with low leptin concentrations in our study were underweight and had a history of anorexia, absence from school, or stress.
Tokunaga et al. 23 investigated the relationship between BMI and morbidity in 565 Japanese men and women, and the BMI that was shown to be associated with the least morbidity in women was 21.9 kg/m 2 . The students in our study who had very low BMIs were therefore likely to have more morbidity than those with intermediate BMIs. Indeed, a relationship between leptin, a healthy lifestyle and an appropriate body-fat mass was apparent in this study and also in previous reports. 24, 25 Plasma leptin in female subjects showed a decrease after a 12-week endurance training programme. 15 Some reports have indicated that short-term exercise does not affect leptin whereas long-term exercise does have an effect. 16, 17 Based on the above findings, subjects whose leptin concentrations are abnormally high would be expected to be able to decrease their serum concentrations with nutritional guidance and an exercise programme. High leptin concentrations have also been demonstrated to be related to serum angiotensinogen in young, normotensive, non-obese men and may, therefore, predict the future development of coronary heart disease. 18 In our study, subjects with low BMI and low leptin concentrations (< 18.8 ± 1.0 ng/ml) had significantly lower SBP and DBP than subjects with high leptin concentrations, some of whom had symptoms of hypertension.
Recently, leptin has been found to act not only on peripheral organs but also in the T Kondo, A Yoshida, R Okada et al.
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Differences in dietary habits were noted among our subjects. Students who ate meals irregularly tended to have less meat, fish, vegetables, potatoes and fruits than those who ate regularly. Additionally, many students who did not eat breakfast tended to keep late hours and rise late. In light of the reported relationships between GH and leptin, modification of nutrition and lifestyle in some of the individuals who took part in this study will be increasingly important in later life. Of course, it is equally important that they maintain good health during their working lives.
Physical fitness and athletic ability in today's teenagers are felt to be inferior to those reported for teenagers 10 years ago. Consistent with this opinion, our female subjects fell short of standard values for agematched females 10 years ago in the distance they could cover in 12 min of running. Approximately 66% of students did not habitually exercise and 68.2% had their own cars. The latter figure may be peculiar to certain areas, such as the Gumma Prefecture.
In summary, the young, female students in this study were at an age when they should be enjoying peak health and physical fitness. Although the majority of students involved had a desirable BMI, they did not necessarily maintain a healthy lifestyle. Based on comparisons between the high and low leptin group, we plan to suggest a health-promoting lifestyle programme for individual students. Regular monitoring of serum leptin as a marker is likely to be useful both as a monitoring tool and as a motivational aid towards achieving and maintaining a healthy lifestyle. 
